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ELT190: MURECP Class 4 Delivery PHEV

Overview

Timeline
« Project start date = 8/19/2016
 Projectend date =11/30/2019

e Percent complete = 55%

Budget

« Total project funding

— DOE share = $4,731,884

— Contractor share = $1,984,907
* Funding received in FY 2017

— $2,345,136
* Funding for FY 2018

- $1,820,150

Powertrain Solutions | PS/ECW1-NA | 4/20/2018

Barriers

Performance — 50% Fuel Consumption
Reduction for class 4 delivery truck

— Baseline = 8.5 MPG, Target >17 MPG

— Full performance capabilities meeting
or exceeding baseline vehicle

Cost - < 3 year payback period
EV Range - > 35 miles all electric range

Partners
Bosch — Project Lead

Morgan Olson

Voss Automaotive, Inc.
University of Michigan
NREL

Ricardo (vendor)

© BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Relevance/Project Objectives

* Demonstrate 50% fuel consumption reduction on CSHVC* utilizing a PHEV
powertrain with a dual-planetary gear transmission via deep integration of electric
components based on high-volume light duty vehicles

. Targets for May ’17-April 18:
Final transmission design selection (based on top 3 design finalists)
— Detailed Transmission Design and Hardware Procurement
— Develop control-oriented transmission models )
— BP1 Go/No-Go: 50% target achieved via high fidelity simulation
— VCU/ECU SW Development
— PHEV System Design Freeze and 3D CAD Chassis Packaging Study

« Evaluation against Project Barriers

— Performance: current simulation modeling predicts ~18.5 MPG (~57% fuel
consumption reduction) on CSHVC* in charge sustaining mode

e >20 million gallons of diesel fuel saved per year class 4, >55 million gallons per year class 3-5
— Cost: target ROI <3 years (Simple Pay-back)

e ~3.2 years ROI with 2018 costs, HEV battery size (20 kW-hr), and 39k miles/year

* ~2years ROl with 2022 costs as PHEV w/ 60 mile EV range and 39k miles/year
— EV Range: ~60 miles of all-electric range achievable with existing battery packs on the

powenramsmgiljg\c/w?;Mb/z?jfd on 2x 24 kW-hr packs in parallel +CSHVC=City Suburban Heav%ﬁahgg gy gﬁl
&




ELT190: MURECP Class 4 Delivery PHEV
Milestones FY 2017

Validated baseline
simulation model

Validation of dual-
planetary gear
hybrid powertrain

Defined hybrid

powertrain
topology and
components
Developed control-
oriented
transmission
models

Powertrain
Architecture
Defined

Technical

Technical

Technical

Technical

Go/No Go

Powertrain Solutions | PS/ECW1-NA | 4/20/2018

Simulation baseline model fuel
consumption prediction within 10% of
baseline vehicle measurement
results

Quantify superior benefits of the 2PG
hybrid powertrain as compared to
other architectures

Component selection for the
proposed solution to achieve the
desired fuel consumption reduction
and cost target

The control-oriented models will be
simple to implement while capturing
the primary transmission dynamics

Modeling results show the
architecture can achieve a 50%
reduction in fuel consumption

*CSHVC=City Suburban Heavy Vehicle Cycle

12/31/2016

M

2/25/2017

M

7/17/2017

M

8/21/2017

M

11/30/2017

|

| Milestone | Type | Descripton | Date | Resut |

GT Suite model predicted 8.2 MPG
on CSHVC* compared to NREL’s
chassis dyno data of 8.5 MPG

P2 Hybrid with downsized internal
combustion engine achieved 39%
fuel consumption reduction vs.
2PG Power-split hybrid achieving
60% fuel consumption reduction
(CSHVC*, Charge Sustaining)

Final topology selected- Design
698b. Components defined.

Rule-based control development
completed. System optimal
controller implemented, showing
additional FC reduction potential.
Achieved. >50% fuel consumption
reduction in charge sustaining
mode on CSHVC. >90% reduction
in charge depletion mode
(uncorrected)

@ BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Milestones FY 2018

Validated
supervisory
controller with
hybrid
configuration

Completed 3D CAD
model of the final
design solution

Finalized driveline
design

GEM “certification”
via powertrain test
procedure

Rolling chassis
operational under
its own power

Powertrain Solutions | PS/ECW1-NA | 4/20/2018

Technical

Technical

Technical

Technical

Go/No Go

Supervisory controller validation in GT-
SUITE is completed and produces
preliminary fuel economy results

10/31/2018

[

Virtual packaging study completed in
the vehicle space and installation
locations for all new components

6/30/2018

[

defined
The hybrid drive system design, 4/30/2018
integration, and optimization will IZI
include an optimum final drive ratio(s)
Powertrain mapping procedure

s sl e = 11/30/2018

completed with input maps used to
generate a GEM vehicle certification
CO2 ffuel consumption values

[

Class 4 PHEYV delivery truck is
assembled and basic drive
functionality is demonstrated

11/30/2018

[l

| Milestone | Type | Descripton | Date | _ ____Reut ____ |

Rule Based Eng. Optimal Completed-
Jan. 2017

Rule Based Sys. Optimal Completed-
Aug. 2017

Mode Switch Controller- May 2018
Diagnostic/Limp Home- Oct. 2018

On-going: Morgan Olson has received all
component CAD models and begun
virtual placement. Initial priority upon
thermal system, second upon HV
components.

Completed. With large tires (~480mm
RR) a 4.78:1 FDR is defined. For
smaller/normal tires (~400mm RR) a
3.91:1 FDR is defined.

On-schedule- awaiting powertrain dyno
test results starting in July 2018.

On-schedule- awaiting final chassis +
body delivery.

@ BOSCH
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ELT190: MURECP Class 4 Delivery PHEV

Milestones FY 2019

Steering committee ride-and- drive

Technical
approval granted
Completed chassis dynamometer fuel .
. . Technical
consumption testing
Completed limited real-world driving .
. ) Technical
cycle fuel consumption testing
In-use fuel consumption determined Technical

Powertrain Solutions | PS/ECW1-NA | 4/20/2018

Milestone | Type | Descripton

After powertrain and vehicle calibration work is completed, steering
committee will provide ride-and-drive sign-off

Chassis Dyno testing at NREL completed to validate achievement of a
50% fuel consumption reduction

In-use testing of fuel consumption and emissions conducted to validate
achievement of a 50% fuel consumption reduction for a given drive
cycle

Quantify the fuel consumption reduction during a fleet demonstration
of for a real-world driving cycle

& BOSCH
.




ELT190: MURECP Class 4 Delivery PHEV
Approach- Overview (Full Project View)

BUDGET PERIOD 1 BUDGET PERIOD 2 BUDGET PERIOD 3
Powertrain Development Powertrain Integration |Powertrain Demonstration
| 2016 | 2017 |

2017 2018 2019

slo|n|plu]Fmla|m|Jlulalsloln[D|s|FIm[a[m[3]a]Als|oIn|D]I[FIM[AIMII]s|Als|O|N]
X 7 P 7 P e e e 9

Simulation
Top3 Designs Design Freeze 2PG PHEV
Selected odel Validated
‘_> Hardware

Delivered .
— /3D Model2D elvere /\Pc;v::tritrr.agm
e2PG PH EV Transmission Design ,' g\rla;\:lwar:)gl: NG

Chassis
Chassis 2PG PHEV Sys/ /Dyno Testing

Hybrid Drive System Design :
Iﬂ / Delivered A Fun%‘sgkal in h@*

deaDri Customer Fleet
Ride rive :
Testing
Sign-Off /' ine 1 - Nov 31st
Fggitlr):;:rd S)C,:Sc;nct:ztI::ral Mode Dlagnostlc Predictive

SW|tches Limp Hom Controller Milestones/

Deliverables
ECU/VCU HW/ SW Development 7
I] /\/CU 1MEV TDG1 PS / Fleet Test
/ SW Delivery, SwW Dellvery/ SW Delivery,

Commercialization Plan /\ /\
A froc

7 Powertrain Solutions | PS/ECW1-NA | 4/20/2018

*POC = Proof of Concept %
***SOD = Start of Development @ BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Approach- Detailed (BP2 View)

2018

Apr I May I Jun Jul l Aug I Sep | oct I Nov
o1 | o [ 15 [ 22 J2s Jos [1s | 20 [ 27 Joa [ 10|17 [ 2a Jor Joa |45 | 22 [ 28 Jos [ a2 [1s [ 26 [ o2 [ oo |16 [ 2a [ a0 [or | a2 Jae Joa | ua] e ]os

HV Cart Build/ Testing

! D ¥ 1 % R R R P
:::l::!mdol 1 | ] P S | 9 (¢hassig in Fh, Worst Case) | Downsized ICE + 4 Al HW MRD 4 : ! ! i i :

Milestones | I . HW MND!: C!lan s E|n Fh E“II.R I . . i * ';I'rnu l.n.u"e'dl | . Cllla“l! Cﬂmﬂf‘!! i H : : Vell:u:ll Drrivin,
Transmission Build ) | | | o P
& Spin Tests ComponentProcurement Ay Moy sy et | . |

Transmission
Actuation Testing

. . ' { H i Setup
Powenral n Bench Testlng | IDrI:E?I.'y Housing Commissi Testing Series Test Power Split Testing

oning

Chassis
. Dummy
- - - - ka 1, Stl.'d PEMS Dj'nﬂ & Powertrain H i
Vehicle Build/ Testing CE DT bt Road Removal nstall -
esting

Mode Switch Testing

Build Continuation/ EV
Setup Debug on Vehicle Launch
During Build

Powertrain

Installation L

High Voltage Components/ Systems | |~ -~~~ "~~~ "~ "~~~ - -~
INVCON3.3 (2x) Install | |.ower>ieenng SySlemr nstal Fecto ydraulc Fums 12

Wire Harnesses
_LV'lay-In'HamessBuld

HV Cable Termination in PDU

Powertrain Solutions | PS/ECW1-NA | 4/20/2018 _ARertreatment System Removal +nstall 5
8 & BOSCH

Drive Shaft Order + Adaption (hand brake + 1% shaft)




ELT190: MURECP Class 4 Delivery PHEV
Approach- Detailed (BP2 View)

2018
Feb Mar Apr | May
Activity 11. 18. 25. 04, 11. 18. 25. 01. 08. 15. 22. 29. 06. 13. | 20. 27.
| | | | ,
VCU Milestones ‘ ‘ ‘ ‘ !
| Complete Complete VCU Ready
| | | | | | | Torque Path | | State machlnes ' — 1MEV | |
TDG1 milestones ! ! ! ! ! ' ! ! ! ! | ! ! '
| | | | | | Complete Integ | | TDG 1 ' Ll €CG270 _BEG Low Level |
1 1 1 1 1 I of VCU Libs 1 1 i 1 Test SW Delivery |

System Optimal Sequencing and
Integration Mode Switch

Single Function Debugging on Test

E SW Delivery
Bench . T I i

SW - Torgue Path

: : : i b : ol :
SW - State Controllers : : : : b : | ! [
\ \ \ \ \ H \ \ 1
: : : : P : il :
] ] ] ] ] ] 1 ]
SW - Coemponent Drivers i i i i i : SnetuprsDyno > IBMI Limits i : i |
: : : : : = ; i : :
' I I | M
- i VCl.I ASW I/0 Adapter Bench Test Low Level Drivers |
TDG1 Integration i Plan > CAN Conf. > Library Integ. > 1 ration > Frec. (AbY) > I ration >I
| T T T 1 T T T T T [ !
1 1
i i i i bl i i
Diesel ECU to VCU ; ; ; ; P ; I.'.an i [ é SW Mods. ECU > ; !
: : : : I : I : : : | ———— . T : |
A 47272018
| 2018
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug Sep
[31.]07.]14.]21.] 28. X 11.]18.]25.]01.]08.] 15.]22.] 29. [ 06. ] 13.] 20.| 27.] 03. 10|17|24|01|08|15|22|29|05|12|19|26|02|09|16|23|
R Cooraination IR
controls —In-mode [ i i ! ﬂn-mode and [ I O I T T B
Torque Path P s : i 11 O N 0 I O S B Y
; : : conoeptreﬂnelnent lnd Exit Scenarios for cha : : : :
[ nge of mind, o A
Controls — Mode : ' ' h"’m”w Concept and implementation : ' Diagnosis and Limp Home : '
Switch Ll . T — pagugre ¢ e ——
P X Test filtering : I : |: I N I: :
GT Model with detailed clutches and H I ' Test effect of H | 1 H H H H \ H H H ]
simulation Model nydraulics ) s ) el o R -
L i I O T S T U IO TN S N B
;reic:llcot::e?‘:nuols I Predictive Controller Development
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ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

Powertrain Architecture Evaluation Procedure

- Configuration: collocation of components given a topology
— 2 planetary gearsets w/ 6 Nodes

— 3input and 1 output components 1,
=Pt =180
- .
- Design: a configuration plus a selected smet ofmclutches
— 15 rotating/ 6 braked clutched locations Y
possible 1, =
Carir —ome | ZPf.CS =180-455 = 81,900
W AN 2
N
NI o N

- Design Candidate: Considering 3 beta ratios and 5 final drive ratios
81,900-3-3-5-5=18,427,500

Credits to UofM Prof. Peng and PhD Candidate Ziheng Pan

Transmission Design Down-Select Algorithms enable efficient modeling and

_ screening of >81,000 designs
Powertrain Solutions | PS/ECW1-NA | 4/20/2018 (\@ BOSCH



ELT190: MURECP Class 4 Delivery PHEV

Technical Accomplishments and Progress

Powertrain Architecture Evaluation Procedure
- Utilizing automated modeling algorithms, the design candidates were

screened against desired attributes

>18 million design Candidates

met fuel economy target met

Automated modeling of all modes and all
possible designs

. 2

1. No clutch on
output
2. Backward with
engine-on
3. Power-split mode

Performance screening

83 designs met Performance/Launch Targets h( Launching performance evalnafion j
22 designs (6 layouts w/ various ratio combos) « Fuel economy evaluation j

5 unique design layouts (1 design layout already
patented by an OEM)

Patent Evaluation

3 design layouts had ‘reasonable’ controller
requirements

Design label 698b selected!

Controller Design
Assessment

Performance compared
to baseline
1. 0-60mph
2. 0-30mph
3. 40-60mph
4. Launch on grade
5. Gradeability

Additional
performance
1. Top speed 80mph
2. Top backward speed
20mph
3. Reserved torque to
start engine

Cost, Packaging, and physical simulation
model Evaluation

Design label 698b was selected, as it was estimated to have the lowest fuel consumption, lowest

cost/weight/size, and simplest controller design. Best of all worlds!

Powertrain Solutions | PS/ECW1-NA | 4/20/2018
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ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

CSHVC — Data (Class 5) vs. Simulatio:
——NREL Data (Class 5)

2500

:5« ——GT Simulation (Class 5) E 2000
% ? 1500
Ja % 1000
;5 EL 500
200 400 600 800 1000 1200 1400 1600 00 260 460 GEI)O BCIJO 1060 1260 14‘00 16I00
111111111 Time [sec
= 2403 g
40 3
%30 Ez :> 0.756 gal
Ew é ! % 11210—2621{;011(
0 0 Rat *104‘7
200 400 600 800 1000 1200 1400 1600 200 400 600 800 s 1000 1200 1400 1800
111111111 Time
_ Initial Model Updates MURECP Targets
Vehicle Weight [Ib.] 16,000 Ib. 15,410 16,000
Aerodyanmics: CdA [m2] 5.4 4.36 4.36
Rolling Resistance [-] 0.00738 0.0071 0.0071
Tire Radius [mm] 480mm 420 mm 420 mm/ 480mm
Start/ Stop No No Yes
Final Drive Ratio 4.3 4.3 3.91/4.78

Baseline Truck, as measured on chassis dyno, had a Fuel Economy of 8.9 MPG.

New correlation re-achieved w/ updated vehicle parameters.
Powertrain Solutions | PS/ECW1-NA | 4/20/2018 @ BOSCH



ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

MURECP PHEV vs. Baseline Conventional MURECP PHEV vs. Baseline Conventional
7014 NREL 70 °
Clusterl ® Drive Cycle Simulation -
N — — — Trendline P
651 o 65 p—
X Y S -
= | NYCC ~o = el
SO0 @ "S_CSHVC e HTUF4 S60r o e
é kX 2 [} e T @® Drive Cycle Simulation
= 55 NREL @ > ﬁ 55+ 7 ® — — — Trendline
= Cluster2 S 2 7/
2 ® \\ = o,
= s0r NREL N = 50| /
2 Cluster Comp ™~ z /
Qo N Q /
45 N O 45t L
g AN E ! Design variant which includes
w040} Cluster3 *~® UDDS 240F o parallel mode (remove a brake an
= “. HD = / add a rotating clutch) feasible if
g 35t \\ ; 3Sf applications require additional FC
U? S ﬁ | redupt!on for rural/h.ighway driving.
£ 301 “.  CARB % 30 L Preliminary Evaluations show >7%
= . HHDDT = | FC reduction if parallel mode is
~ sl L} ~ 5@ used at higher vehicles speeds
N .
rather than Power-Split.
20 1 1 1 1 L 1 Il 1 1 20 1 1 1 1 1 1 1
15 20 25 30 35 40 45 50 55 60 0 I 2 3 4 5 6 7
Drive Cycle - Average Driving Speed [kmph] Drive Cycle - Kinetic Intensity [km™']

Strategy: Start at 25% SOC. Aim to end at 25% SOC. Fuel consumption results correct for any deviation in final SOC vs. target SOC.

>50% fuel consumption reduction target (in charge-sustaining mode)

met for drive cycles with <37 kmph average speed or >0.9 1/km Ki
Powertrain Solutions | PS/ECW1-NA | 4/20/2018 @ BOSCH




ELT190: MURECP Class 4 Delivery PHEV

| ical A lish t dP
max traTorques over vehSpeed max power over vehSpeed
300 .
max torque eCVT max power eCVT /! //
1400 e i@ x. torque 1MEV |, s % power 1MEV ! Y,
- max torgue PS5 max power PS5 Vi
max torgue 2MEY 250 max pawer 2MEV y
1200 - drag torque 0% drag power 0% / /
- drag torque 6 % drag power 6 % 7 S
— — —drag torque 12 % — — —drag power 12% Y, s
1000 — — —drag torque 15 % 2000 — — —drag power 15% P VA
e
= v s
Z o £ Vand /
© = /s
3 < 150+ 4
g & ’ /
[=] o Ve
= 600 e v
100 g s e e
- /
400 7,
v —<
200 50 7 PR
— - / -— -
D i Il i i i L J D _—— = _-n- i i i i J
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
vehicle speed kmph vehicle speed kmph

max grade-ability - drive off at slope

- 20% grade on launch - >120 km/h on 0% grade in 2

possible in EV and PS

Motor EV mode is possible

modes - ~130 km/h on 6% grade in
- Upto50km/hon15% - ] PS mode is possible

grade . ~55 km/h (35 mph) possible
-« >120 km/h on 6% grade -~ in 2 motor EV mode on 12%

: grade

0 I |
500 1000 1500 2000 2500
TraOutTorque Nm

*PS- Powersplit

Performance and Grade-ability Targets met!

Powertrain Solutions | PS/ECW1-NA | 4/20/2018
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ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

sing

£y N
!

Transmission Design Completed- First Sample Available May 28t, 2018
15 Powertrain Solutions | PS/ECW1-NA | 4/20/2018 @ BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

Costs @ 39k Miles/year Scenario3a- Scenario3b- Scenario3c-
Diesel Fuel= $2.95/gal Scenariol- HEV Battery HEV Battery Size HEV Battery Size
Charge Sustaining 2015 PHEV Size + 2022 BAT costs + 2022 costs
Motor + Inverter 30 30 30 8|$/kW
160 160 160 160[kW
4800 4800 4800 1280|$
Battery Pack 300 300 125 125|$/kWh
48 20 20 20]/kWh
14400 6000 2500 2500|$
e2PG PHEV Add-on
Cost (2x OEM Markup) $38,400.00 | $21,600.00 $14,600.00 $7,560.00 |$
Savings
Fuel Savings
50% FC Reduction $6,767.65 $6,767.65 $6,767.65 $6,767.65 |$
Payback Period _ 3.19 2.16 1.12|Years
Fuel Savings
55% FC Reduction $7,480.03 $7,480.03 $7,480.03 $7,480.03 |$
Payback Period 2.89 1.95 1.01|Years

Battery Cost Targets https://www.ener; ov/sites/prod/files/2017/06/f34/67089 EERE_LIB_cost_vs_price_metrics_r9_0.pdf

.gov/sites/prod/files/2017/03/f34/QTR2015-8E-Plugin-Electric-Vehicles-15Mar2017.pdf

Assuming a small ‘HEV’ battery size of 20 kW hr an attractive ROl (Simple

Payback) of ~3.2 years can be achieved w/ 2018 Costs!

1 6 Powertrain Solutions | PS/ECW1-NA | 4/20/2018
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https://www.energy.gov/sites/prod/files/2017/06/f34/67089_EERE_LIB_cost_vs_price_metrics_r9_0.pdf
https://www.energy.gov/sites/prod/files/2017/03/f34/QTR2015-8E-Plugin-Electric-Vehicles-15Mar2017.pdf

ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

Costs @ 26k Miles/year
Diesel Fuel= $2.95/gal

Charge Depletion
-60 miles EV/day

Scenariol- Scenario2a-
2018 PHEV 2022 Battery

Scenario2b-
2022 Battery +
eDrive

Customer Fleet info:
~100-200 miles/day

5 days/ week
52 weeks/year

100 miles/day =
150 miles/day =

Motor + Inverter 30 30 8|$/kwW
160 160 160|kW
4800 4800 1280($
Battery Pack 300 125 125[$/kWh
48 48 48[kWh
14400 6000 6000|$
e2PG PHEV Add-on
Cost (2x OEM Markup) $38,400.00 $21,600.00 $14,560.00 [$
Savings
Fuel Savings
50% FC Reduction $7,218.82 $7,218.82 $7,218.82 |$
Payback Period 2.99 2.02|Years
Fuel Savings
55% FC Reduction $7,408.79 $7,408.79 $7,408.79 |$
Payback Period 2.92 1.97|Years

200 miles/day =

26k/year
39k/year
52k/year

Battery Cost Targets https://www.energy.gov/sites/prod/files/2017/06/f34/67089 EERE_LIB_cost_vs_price_metrics_r9_0.pdf
.gov/sites/prod/files/2017/03/f34/QTR2015-8E-Plugin-Electric-Vehicles-15Mar2017.pdf

Assuming a PHEV battery size of 48 kW-hr an attractlve ROI (Simple Payback)

of ~1.5 years can be achieved w/ 2022 Cost Targets!

Powertrain Solutions | PS/ECW1-NA | 4/20/2018
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ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progres

Downsized ICE
3.0l Light Duty Diesel Dual Planetary

%
Engine Control Yyl Gear Transmission
Unit (EDC17) e OOO OOO (incl. 2x 80 kW electric
; motors)
5
ﬁ Inverter Units
5
;, ’
/ G- powao>
’

Vehicle Control . # ‘e 6 kW

. . - i Onboard
Unit (MDG1) §§:/ rrrss, Driver Inputs Onboar
f“ fffffffffffffffffffﬂu \ n w#s Low Voltage (12V)
m=m High Voltage

Connected Horizon Light Duty based battery @70V)
packs in parallel

Dual-planetary gear PHEV system architecture defined

Powertrain Solutions | PS/ECW1-NA | 4/20/2018 (@ BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

Full Circuit Grey valves thermally actuated

1. Cold Engine Heating (<20C) 3. Split Circuit (25C) _ éA Mech. Pump .

2. Cold Motor Heating (<20C) 4. AC Chilling (30C) | & =
© °
3. Radiator Cooling (20C) ~ s Engine
i 22.6 |/mi

e <19.6 II/ml.n Pump K 6 |/min

Valve 6.5 l/min . Valv. <€ A > Pump —>| PTC >

N -

v Cabin |

? 2 Motor Motor <— Valve wivalve

% I.tl.u ,T\ N \p
5 3 T Pump

5 1 Inverter > Chiller Evap 2 T

DC/DC A
X Battery | | Battery
¥ > v19.6 I/mi&.5 I/mh7 |/min 1 2 \8

Thermal System Layout Defined by VOSS Automotive. SW Integration Ongoing.
Powertrain Solutions | PS/ECW1-NA | 4/20/2018 (@ BOSCH



ELT190: MURECP Class 4 Delivery PHEV
Technical Accomplishments and Progress

= 12V
2| —— & ==
BCDC f— 17"
e FusedRelay Box
HV s
High Voltage Dc/Dc -
=] INVCON2 Power Net converter | —— —
HVBPZEI o HY/LY — L=
@ G = 12V o
Dt = & sl
= HVH — ) IVEAZY
(] 24V EAIC
oncn — 3 = :
= HVC o DC/DC
S e = = EHPS1
A00VY24Y 1 Fuse&Relay Box 24V
= boocvas | T
| | LV Power Net
. i TCU Rotary | i L ;
HVIL || Network Diagram [ Selector el e
,,,,,,,,,,,,,,, s TS | Legacy part
_— = ==

I
OBCM 7 DCDC-HV24 :
! > 1
1
| | !

| S s S ! ABS
‘ ||||| ‘ ‘ HYC ‘ HVH ﬁ :

vcu DCDGHYV24. Dbu HVBP2 ! .
‘ ‘ ‘ ‘ ‘ ‘ ! FLSEN

1

: | “FR_SEN >
eHorizon HybridCAN Main H E_)
— =

_(LE El:>
— !
INVCON 1 ‘ INVCON 2 ‘ HVC ‘ ‘ oBCM ‘ ‘ MPC ‘ ! [
| w Volta

HybridCAN HV Storage

Electrical/ Electronic Architecture definition on-going. Key open points
surrounding the 24V power net and PDU design.

Powertrain Solutions | PS/ECW1-NA | 4/20/2018
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ELT190: MURECP Class 4 Delivery PHEV
Responses to Reviewers’ Comments (Top 3)

Reviewer Response Further Action?
Comments

Baseline MPG too low  Based on the measurement data available, = Further measurements on

both from chassis dyno and field testing, a 2017 Freightliner MT45
8.9 MPG is correct for a 2011 FedEx planned for May/June
vehicle on the CSHVC. 2018.

Cost targets unclear/ Cost target for the PHEV system add on None.

not considered in costs (e2PG, battery, eDrives) is to enable

down-select process a <3 year payback period. Costs were

considered in the final design selection,
where the chosen design had the lowest
estimated system costs.

Further out-reach -Team is currently reaching out to potential  Conduct simulations until
possible, testing w/ transmission manufacturing partners and end of BP2 with 1 gasoline
additional fuel sources  OEMs. Target is to have commercialization  engine and 1 natural gas
plan finalized by E. 2018. engine. Based on results
-Simulations on-going for different vehicle an evaluation can be made
types/ applications. to conduct further testing.
Powertrain Solutions | PS/ECW1-NA | 4/20/2018 ((,?J)) BOSCH




ELT190: MURECP Class 4 Delivery PHEV
Collaboration with Other Institutions

Robert Bosch LLC Project Technical project management, downsized engine calibration
Vebhicle calibration, monitoring strategy support

Lead DPF regen and SCR dosing strategy calibration
() BOSCH Engine ECU SW modifications for PHEV
Invented for lite Design, manufacturing, and interface support of electric motors and inverters

Powertrain and controls simulation and calibration, electronic horizon calibration
Battery management system, powertrain architecture optimization, controls R&D

University of Michigan Partner Powertrain architecture optimization, controls R&D, eHorizon
evaluation @ Mcity

UNIVERSITY OF
MICHIGAN

Morgan Olson MORGAN Partner  Vehicle integration, vehicle fleet testing, consulting
E1IOLSON.

VOSS Automotive VO S S Partner  Thermal management system design, build, integration

NREL Partner Vehicle fuel economy validation, drive-cycle definition, cost-
benefit ratio analysis, chassis dynamometer testing, field
evaluation

Ricardo | — 1 Vendor Transmission design, manufacturing, and interface support

O L T TS 1) ol EYIS oM Support  Base chassis information support, including CAD models and
wiring diagrams
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ELT190: MURECP Class 4 Delivery PHEV
Collaboration with Other Institutions

Organization “ Responsibilities

Support/ Powertrain testing support (conventional PT w/ 8 sp. Auto
Vendor trans), Torsional Damper Design and Supply
Support  Engine interface support, wire harness diagrams

Vendor LT Radiator/Cooling System Package Design and Supply

AC/Coolant Chiller Supplier
Vendor Electro-Hydraulic Power Steering System Design and Supply

Brusa/ Metric Mind Vendor HV/24V DC/DC Converter Supplier

Currentways Vendor On-Board Charger Module Supplier

Vendor HV A/C Compressor Supplier
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ELT190: MURECP Class 4 Delivery PHEV
Remaining Challenges and Future Research

Key Challenges Future Research

Determine optimum battery sizing BP2 (April ’17 — November ’18)

Rangef®/ Size, Weight, and Cost® .  Delivery of 2 Transmission Samples
Developing and manufacturing a - Powertrain Testing
dlual planletary gear tra?sglgswnd\)/v/ . Chassis Packaging Study

ug-in electric motors ase :
P or class 4 CV trucks, which is Thermal System Des'%”
scalable within classes 2b-8a » Electrical System Design
Achievement of system cost targets » Chassis Build & Basic Drive
and payback period Functionality
Packaging of PHEV system into Commerecialization Plan
existing chassis BP3 (December ’18 — November ’19)

Vehicle calibration
Chassis Dyno Test
6 Month Customer Fleet Testing
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ELT190: MURECP Class 4 Delivery PHEV

Summary

Simulation activities to-date indicate that our PHEV architecture w/ a dual
planetary gear transmission will meet the project objective of >50% fuel
consumption reduction on the City Suburban Heavy Vehicle Cycle (CSHVC?),

even in charge sustaining mode

Fuel Consumption
% Improvement

Baseline Vehicle
Downsized Engine
Parallel Hybrid w/ downsized engine

HEV w/ Dual-Planetary Gear
Transmission and 3 Clutches

PHEV w/ Dual-Planetary Gear Trans.

and 3 Clutches (EV only)

*CSHVC = City Suburban Heavy Vehicle Cycle
Model Basis: GT-Suite w/ Optimized Rule-based controls

DP = Dynamic Programming (Matlab)
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-- (8.9 MPG)

22% (DP result)

39% (DP result)

57% (DP predicted 61%)

100% (55 MPGe**)
1.45 miles/kW-hr

**6.68 miles on CSHVC
37.656 kW-h/gallon diesel fuel
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THANK YOU! QUESTIONS?

P.l. — Alex Freitag, Director of Engineering,
Powertrain Solutions- Commercial Vehicles

Presenter — Matt Thorington, Principal Engineer,
Powertrain Solutions, Commercial Vehicle
Electrification
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